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(57) A multiband antenna applicable as an internal 
antenna in small mobile terminals especially. The anten- 
na (200) is a PI FA placed inside the housing of a mobile 
station with at least two operating bands. A first reso- 
nance falling into a lower operating band is produced by 
means of a radiating conductive pattern (B21) in planar 
element (220). To improve characteristics of the anten- 
na in the upper operating band the planar element fur- 



ther comprises a slot (232) which goes between the feed 
point (F) and the short-circuit point (S) of the antenna. 
The radiator provided by this slot can be considered a 
quarter-wave slot radiator or a half-wave loop radiator. 
The PIFA further may have another radiator, which res- 
onates in the upper operation band. By means of said 
slot the upper operating band of an antenna can be wid- 
ened or the radiation in the horizontal plane in the upper 
operating band can be made more effective. 
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Description 

[0001] The invention relates to a multiband antenna 
applicable as an internal antenna in small mobile termi- 
nals especially. 

[0002] In the field of mobile stations, models have be- 
come popular which operate in two or more systems, 
each with a different frequency band. A basic prerequi- 
site for the operation of a communications device is that 
the radiation and receiving characteristics of its antenna 
are satisfactory in all bands of the systems at issue. Im- 
portant characteristics are e.g. antenna's bandwidth 
and radiation pattern. It is relatively easy to produce a 
multiband antenna structure with good quality if no lim- 
itations are imposed on its size. However, in mobile ter- 
minals the antenna should understandably be very com- 
pact. Moreover, the current trend is to place the antenna 
preferably inside the housing of the device for conven- 
ience. This makes antenna design more demanding. 
[0003] An antenna with good enough characteristics 
which fits inside a small device is in practice most easily 
implemented as a planar structure: The antenna com- 
prises a radiating plane and a ground plane parallel 
thereto. To make matching easier, the radiating plane 
and ground plane are usually interconnected at a suita- 
ble point by a short-circuit conductor, producing a so- 
called planar inverted F antenna, or PIFA. The number 
of operating bands can be raised to two by dividing the 
radiating plane by means of a non-conductive slot into 
two branches, viewed from the feed point, which branch- 
es have different lengths so that the resonance frequen- 
cies of the antenna portions corresponding to the 
branches fall into desired points at frequency axis. 
[0004] Another way to provide a second operating 
band in a planar antenna is to use a slot radiator. A PIFA 
structure shown in Fig. 1 , disclosed in patent application 
FI990006, represents such a known antenna. It com- 
prises a ground plane GND and a radiating planar ele- 
ment 120. Connected to the radiating plane is an anten- 
na feed conductor at a point F, and a short-circuit con- 
ductor at a point S close to the feed point The radiating 
planar element 120 has a slot 130 extending from the 
edge of the element to the center region thereof. Espe- 
cially the antenna feed point F is relatively close to the 
end of the slot 130 which opens into the edge of the 
plane. The planar element proper resonates in the lower 
one of the intended operating bands. The dimensions 
of the slot are such that ft resonates in the second, up- 
per, operating band. Rg. 1 also shows a support struc- 
ture 105 for the radiating plane, being a frame made of 
dielectric material and having relatively thin walls. 
[0005] In the dual-band structures described above 
the upper operating band in particular may prove prob- 
lematic because of its limited width; its coverage of even 
a band reserved for a single system may be poor. The 
problem is emphasized if the aim is to cover the bands 
of at least two systems, e.g. ones operating in the fre- 
quency range 1 .7 to 2.0 GHz. Another disadvantage is 



that the radiation in the horizontal plane especially and 
in the upper operating band may be less effective than 
desired. One solution is to increase the number of an- 
tenna elements. For example, on top of a radiating plane 
5 there may be another radiating plane fed galvanically or 
electromagnetically. The resonance frequency of the 
second radiating plane is arranged to be near the upper 
resonance frequency of the lower plane so that a con- 
tinuous, relatively wide operating band is provided. 

10 Electromagnetically coupled, i.e. parasitic, elements 
may also be placed on the same geometric plane with 
the radiating main plane. A disadvantage in the use of 
parasitic elements is that it adds to the production costs 
of the antenna and makes ft more difficult to achieve re- 

15 peatability in production. A handicap in the circuit board 
design of a radio device may be alone a connecting pad 
required for the short-circuit conductor of a parasitic el- 
ement on the circuit board below. 
[0006] An object of the invention is to realize in a new, 

20 more advantageous manner an internal antenna for a 
mobile terminal with at least two operating bands. An 
antenna structure according to the invention is charac- 
terized by that which is specified in the independent 
claim 1. Some advantageous embodiments of the in- 

25 vention are presented in the dependent claims. 

[0007] The basic idea of the invention is as follows: 
The antenna is a PIFA placed inside the housing of a 
mobile terminal with at least two operating bands. A first 
resonance falling into a lower operating band is pro- 

30 duced by means of a radiating conductive pattern in pla- 
nar element To improve characteristics of the antenna 
in the upper operating band the planar element further 
comprises a slot according to the invention which goes 
between the feed point and the short-circuit point of the 

35 antenna. The radiator provided by this slot can be con- 
sidered a quarter-wave slot radiator or a half-wave loop 
radiator. The PIFA further may have another radiator, 
which resonates in the upper operation band. An ex- 
tendable whip element may be added to the structure. 

40 [0008] An actvantage of the invention is that the upper 
operating band of an antenna can be widened with the 
slot or loop radiator according to the invention so that 
the second band easily covers the bands used by even 
two mobile communications systems. Another advan- 

45 tage of the invention is that the radiation in the horizontal 
plane in the upper operating band of the antenna can 
be made more effective with the bop radiator according 
to the invention. A further advantage of the invention is 
that the slot according to the invention can be imple- 

50 mented without substantially degrading the matching in 
the first operating band of the antenna. A further advan- 
tage of the invention is that the structure according to it 
is simple and inexpensive to fabricate. 
[0009] The invention is below described in detail. The 

55 description refers to the accompanying drawings in 
which 

Rg. 1 shows an example of an antenna structure 
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according to the prior art, 

Fig. 2a shows an example of an antenna structure 
according to the invention, 

Fig. 2b shows the structure of Fig. 2 in a lateral view, 

Fig. 3 shows a second example of an antenna 
structure according to the invention, 

Fig. 4 shows a third example of an antenna struc- 
ture according to the invention, 

Fig. 5 shows a fourth example of an antenna struc- 
ture according to the invention, 

Fig. 6 shows an example of band characteristics of 
an antenna according to the invention, 

Fig. 7 shows an example of the reflection coefficient 
of an antenna according to the invention, and 

Fig. 8 shows an example of a mobile station 
equipped with an antenna according to the in- 
vention. 

[0010] Fig. 1 was already discussed in conjunction 
with the description of the prior art. 
[001 1 ] Figs. 2a and 2b illustrate an example of an an- 
tenna structure according to the invention. The structure 
200 comprises a ground plane GND, a rectangular ra- 
diating planar element 220, a feed point F and short- 
circuit point S thereof, a first slot 231 and a support 
frame 205 like in the structure of Rg. 1 . The feed point 
and short-circuit point are located in this example in the 
vicinity of one of the longer sides of the radiating plane, 
close to a comer of the plane. The first slot 231 starts 
from the same edge, from the other side of the feed point 
as viewed from the short-circuit point. A substantial dif- 
ference to Rg. 1 is that the radiating plane now further 
comprises a second slot 232 according to the invention. 
It begins from the edge of the radiating plane, at a point 
between the feed and short-circuit points, and ends up 
at the inner region of the plane. 
[0012] The antenna structure 200 has got two oper- 
ating bands and three such resonances which are sig- 
nificant from the operating point of view. The radiating 
plane 220 includes a conductive branch B21 which 
starts from the short-circuit point S and warps around 
the end of the first slot and which together with the 
ground plane constitutes a quarter-wave resonator and 
functions as a radiator in the lower operating band of the 
antenna. The location and dimensions of the first slot 
231 are such that it together with the surrounding con- 
ductive plane and ground plane constitutes a quarter- 
wave resonator and functions as a radiator in the upper 
operating band of the antenna. The dimensions of the 
second slot 232 are also such that it together with the 



surrounding conductive plane and ground plane consti- 
tutes a quarter-wave resonator and functions as a radi- 
ator in the upper operating band of the antenna. Thus 
the resonance frequencies of the two slot radiators are 

5 arranged to be relatively near one another but yet une- 
qual so that the upper operating band becomes relative- 
ly wide. In this example, the resonance frequency of the 
second slot radiator is made suitable not only by means 
of the slot dimensions but also with a conductive plate 

10 225 which extends towards the ground plane from the 
shorter side nearest to the short-circuit point S of the 
planar element 220. 

[0013] The second slot 232 naturally affects the an- 
tenna matching in the lower operating band. This can 

'5 also be exploited by optimizing said matching by shap- 
ing the second slot in an appropriate manner. 
[0014] Rg. 2b shows the antenna structure of Rg. 2a 
viewed from the side where the conductive plate 225 is 
located. In this example the conductive plate 225 is 

20 about half the length of the side of the planar element 
and reaches a little over half way between the planar 
element and ground plane in the direction of the normal 
of the planar element 220. Similar extensions to the ra- 
diating plane are common in planar antennas. Usually 

25 the extension is placed at the open end of a radiating 
branch, increasing the capacitance there as well as the 
electrical length of the branch. In this case the extension 
to the plane is near the short-circuit point, increasing the 
electrical length of the second radiating slot. At the same 

30 time the extension, i.e. conductive plate 225, strength- 
ens the resonance of the second slot. Rg. 2b further 
shows a conductor 202 connecting the short-circuit 
point S to the ground plane GND. Antenna feed conduc- 
tor 203 can be seen behind the short-circuit conductor. 

35 [0015] Rg. 3 shows a second example of an antenna 
structure according to the invention. The structure is 
similar to the structure in Rg. 2; the differences are such 
that the shapes of the first and the second slot in the 
radiating element 320 deviate from those in Rg. 2, and 

40 the places of the feed point and short-circuit point are 
exchanged with each other. The first slot 331 is shaped 
so that the antenna has two operating bands also with- 
out the second slot. Substantial is the shape of the sec- 
ond slot 332. This branches into two directions thus hav- 

45 ing two closed ends. The second slot is dimensioned so 
that it produces a conductive loop B32 between the feed 
point F and short-circuit point S, the electrical length of 
which is half the wavelength in the upper operating 
band. For this reason the loop B32 radiates in the upper 

so operating band. The second slot is shaped so that cur- 
rent distribution in the loop B32 is quite large. This 
changes polarization of the radiation resulting in that ra- 
diation particularly in the horizontal plane, when the ra- 
diating plane is in vertical position, strengthens. In ac- 

55 cordance with simulation results the average antenna 
gain rises about 6 dB in the upper operating band. The 
minimum gain rises yet more, which means that the ra- 
diation pattern becomes more even. 
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[0016] Fig. 4 shows a third example of an antenna 
structure according to the invention. I n this case a planar 
element 420 includes a first slot 431 and a second slot 
432. Mainly the first slot is shaped such that the planar 
element has got two radiating branches. The first one 
B41 of these is longer and resonates in the lower oper- 
ating band of the antenna. The resonance frequency 
corresponding to the second branch B42 falls into the 
upper operating band of the antenna, as does the res- 
onance frequency corresponding to the second slot 432 
according to the invention. The two latter resonance fre- 
quencies are in this case, too, suitably near one another 
so that the upper operating band is relatively wide. 
[0017] The antenna structure of Fig. 4 also includes 
a whip element 440 movable along its axis. The whip 
element is drawn extended, being galvanically coupled 
to the radiating planar element 420 near the feed point 
F and enhancing the performance of the antenna e.g. 
in the lowest operating band. The retracted whip has no 
significant coupling with the rest of the antenna struc- 
ture. Alternatively, a separate feed may be arranged for 
the whip element, in which case it will not have a gal- 
vanic coupling with the planar element even in the ex- 
tended position. 

[0018] Fig. 5 shows a fourth example of an antenna 
structure according to the invention. It, too, has a first 
slot 531 which divides the planar element 520 into two 
branches B51 and B52 which resonate in different op- 
erating bands. The structure also includes a second slot 
532 going between the feed and short-circuit points and 
resonating in the same operating band as the second 
branch B52. It differs from the structure of Rg. 2a in that 
the first slot 531 in this example has two portions; a rel- 
atively narrow first portion starting from the edge of the 
plane 520 and ending at the longitudinal side of the sec- 
ond, relatively wide portion. This shape, which is known 
as such, further increases the bandwidth. In the exam- 
ple of Rg. 5 the radiating plane 520 is not a rigid con- 
ductive plate but a conductive layer on the upper surface 
of a circuit board 510. As a tuning element there is an 
extension plate 525 to the radiating plane, located on 
the long side of the radiating plane between the feed 
point F and the beginning of the first slot 531 . 
[001 9] For brevity, in this description and in the claims 
it is talked about resonating conductive branches and 
slots. In so doing, however, it is referred to the whole 
resonating structure, including, in addition to the branch 
or slot in question, also the ground plane and the space 
between the ground plane and radiating plane. 
[0020] Rg. 6 shows an example of frequency charac- 
teristics of an antenna according to the invention. 
Shown in Fig. 6 are curves of reflection coefficient S11 
as a function of frequency. Curve 61 shows the altera- 
tion of the reflection coefficient of a prior-art antenna ac- 
cording to Rg. 1 , and curve 62 similarly shows the al- 
teration of the reflection coefficient of an antenna struc- 
ture according to Rgs. 2a,b. The curves show that for 
the antenna according to the invention the width B of 



the upper operating band is about 440 MHz, while for 
the reference antenna it is only about 140 MHz. The cri- 
terion forthe band cut-off frequency is here the reflection 
coefficient value 6 dB. The upper operating band thus 

5 becomes much wider. This is based on the resonance 
r3 of the second radiating slot the frequency of which is 
arranged to be at a suitable distance above the frequen- 
cy of the resonance r2 of the first radiating slot. In the 
lower operating band of the antenna the change accord- 

10 ing to the invention will in this case reduce the attenua- 
tion peak and make the band a little narrower. However, 
the lower operating band can easily be made to cover 
the band required by the GSM 900 system, for example. 
[0021] Rg. 7 illustrates, using a Smith's chart, the 

is quality of matching in the antenna for which the reflec- 
tion coefficient curve 62 was drawn. Curve 72 shows the 
alteration of the complex reflection coefficient as a func- 
tion of frequency. A circle 60 drawn in a dashed line 
marks the limit within which the absolute value of the 

20 reflection coefficient is smaller than 0.5, i.e. -6 dB. Curve 
72 shows, among otherthings, that the loop correspond- 
ing to the range of the upper operating band is totally 
inside the circle 60, which has been the aim of the 
matching. 

25 [0022] Rg. 8 shows a mobile station MS including an 
antenna structure according to the invention. A radiating 
planar element 820 belonging to the structure is located 
completely within the housing of the mobile station. 
[0023] In the foregoing some antenna structures ac- 

30 cording to the invention are described. The invention 
does not limit the antenna element shapes to those de- 
scribed above. Neither does the invention limit the fab- 
rication method of the antenna or the materials used 
therein. The inventional idea may be applied in different 

35 ways within the scope defined by the independent claim 
1. 



Claims 

40 

1 . An internal antenna of a radio device, which anten- 
na has at least a lower and an upper operating band 
and comprises a ground plane and a radiating pla- 
nar element with an antenna feed point, short-circuit 

45 point and a first slot starting from an edge of the 
planar element, conductive plane of the planar ele- 
ment being arranged to resonate in the lower oper- 
ating band, characterized in that said planar ele- 
ment (220; 320; 420; 520) further comprises a sec- 

so ond slot (232; 332; 432; 532) starting from an edge 
thereof, going between the feed point (F) and the 
short-circuit point (S) and being arranged to cause 
a resonance in the upper operating band. 

55 2. An internal antenna according to claim 1 , charac- 
terized in that the second slot (232; 432; 532) is 
arranged to resonate in the upper operating band 
of the antenna and the electrical length of the sec- 
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ond slot Is quarter-wavelength when It resonates. 

3. An internal antenna according to claim 1 , charac- 
terized in that the second slot (332) is arranged to 

to produce, between the feed point and the short- 5 
circuit point, a conductive loop (B32) the electrical 
length of which is half the wavelength in the upper 
operating band. 

4. An internal antenna according to claim 1 , charac- 10 
terized in that the first slot (23 1 ) is arranged to res- 
onate in the upper operating band of the antenna. 

5. An internal antenna according to claim 1 , charac- 
terized in that the first slot (431 ; 531 ) divides the 15 
planar element into two branches, one of which 
(B42; B52) being arranged to resonate in the upper 
operating band of the antenna. 

6. An internal antenna according to claim 2, charac- 20 
terized In that shape of the second slot is arranged 

to improve antenna matching in the lower operating 
band. 

7. An internal antenna according to claim 2, charac- 25 
terized in that the planar element comprises on the 
second slofs side an extension (225) directed to- 
wards the ground plane to tune resonance frequen- 
cy of the second slot. 

30 

8. An internal antenna according to claim 1 , charac- 
terized in that it further comprises a movable whip 
element (340) which, when extended, is garvanical- 
ly coupled to the planar element 

35 

9. A mobile terminal (MS) with an internal antenna 
which has at least a tower and an upper operating 
band and comprises a ground plane and a radiating 
planar element with an antenna feed point, short- 
circuit point and a first slot starting from an edge of *o 
the planar element, conductive plane of the planar 
element being arranged to resonate in the lower op- 
erating band, characterized in that the planar ele- 
ment (820) further comprises a second slot starting 
from an edge thereof, going between the feed point 45 
and the short-circuit point and is arranged to cause 

a resonance in the upper operating band. 
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